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(54) Process for the production of high-strength yarns and crossply laminates thereof 

(57) An ultra-high molecular weight polyolefin hav- 
ing a viscosity average molecular weight of at least 
500,000 is subjected to melt forming into a film, the thus 
obtained molten film or solid state film is transversely 
stretched while holding both the side edges of the film, 
the stretched film is longitudinally slrtted into tapes, and 
then the thus obtained tapes are longitudinally stretched 
thereby to produce high-strength yarns easily. A number 
of slits are longitudinally or transversely made in films 
made of an ultra-high molecular weight polyolefin hav- 
ing a viscosity average molecular weight of at least 
500,000 so that the films each take a meshy form when 
spread in the direction perpendicular to the slits, and the 
meshy form structures are stretched in the direction of 
the slits to prepare meshy webs having a high strength 
unidirectionally. At least one member selected from the 
thus prepared meshy webs is used as one nonwoven 
web, thereby producing a high-strength, web-crossed 
laminated nonwoven easily. 
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Description 

BACKGROUND OF THE INVENTION 

s 1 . Field of the Invention 

This invention relates to a process for producing high-strength yarns or split yarns by slitting an ultra-high molecular 
weight polyolef in film into tapes and longitudinally stretching the tapes at a high stretch ratio, and also relates to a high- 
strength, webs-crossed laminate and a process for producing thereof using a meshy web having a unidirectionally high- 
w strength as a longitudinal or transverse web in which adjacent yarns remains connected to each other by making slits 
in a web intermittently or in a shape of perforated line. 

2. Related Background Art 

is Methods for producing high-strength yarns from an ultra-high molecular weight polyolef in material which have here- 
tofore been known, include a method comprising dissolving the polyolef in material in a solvent forming the resulting 
solution into films or threads and then superstretching the films and threads (Solvent method, Japanese Patent Publi- 
cation Gazette No. Sho 37-9765), a method comprising extruding the polyolef in material and wax or the like in admix- 
ture as a variation of said solvent method (Japanese Patent Application Laid-Open Gazette No. Sho 62-182349), a 

20 method comprising continuously pressing powdered ultra-high molecular weight polyolefin for superstretching (Contin- 
uous press method, Japanese Pat Appln. Laid-Open Gazettes Nos. Hei 2-258237 and 4-49015), and a method com- 
prising extrusion forming an ultra-high molecular weight polyolefin to obtain an inflation film and then producing high- 
strength yams therefrom (Inflation film method, Japanese Pat Appln. Laid-Open Gazettes Nos. Sho 62-1 0491 1 and 62- 
122736). 

25 The solvent method is excellent in producing yarns having good performances, but the use thereof costs the disso- 
lution and the solvent removal and is not feasible as an industrial means from the standpoint of cost. 

The continuous press method does not need a solvent and enables a higher molecular weight material to be used 
therein as compared with the following inflation method since the former method is not restricted to extrusion forming 
unlike the latter inflation method, whereby it is made advantageous in obtaining high-strength products while it raises a 
30 problem as to difficulties in producing fine yarns since it can hardly produce thin films and a continuous press apparatus 
for carrying it out is unsatisfactory in productivity. 

The inflation method is satisfactory in productivity since it is capable of extrusion forming, but it is defective in that 
it cannot use a high molecular weight polyolefin in an ordinary extruder for carrying it out and it cannot effect high-ratio 
stretching and provide high-strength products because of entanglement of the polyolefin molecules due to melting 
35 thereof at the time of extrusion forming. 

On the other hand, there have heretofore been proposed a method for producing meshy webs which comprises 
stretching a film such as a polyethylene or polypropylene film, and a webs-crossed laminated nonwoven fabrics made 
of these meshy webs. Thus, such webs-crossed laminated nonwoven fabrics are produced in quantities. 

These nonwoven fabrics are better in productivity as compared with the woven ones by about two figures, are 
40 lighter in weight and more dimensionally stable than conventional nonwoven fabrics and have been used as a reinforc- 
ing material paper and films. 

Further high-strength and highly dimentionally stable products, however, have been sought to be developed as var- 
ious reinforcing materials for civil engineering and construction industry. 

45 SUMMARY OF THE INVENTIQN 

(First Aspect of the Invention) 

A first object of this invention is to eliminate the defects of the conventional methods due to poor processability of 
so an ultra-high molecular weight polyolefin and establish a method which can produce high-strength yarns with good pro- 
ductivity and at a low cost 

To improve the productivity, a method for forming films by extrusion forming is the most suitable. However, the 
method should be such that it can form a higher molecular weight polyolefin than heretofore used, at a high production 
rate without causing extrusion abnormality such as melt fracture, and is required to provide a method which can effect 
55 high-ratio stretching while lessening the entanglement of polyolefin molecules which raises a problem as to melt extru- 
sion. 

Said first object of this invention is, in other words, to provide film forming and film stretching methods which have 
good productivity for manufacturing high-strength yarns by employing an ultra-high molecular weight polyolefin as the 
raw material. 
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In this invention, a method for the manufacture of films by melt forming is basically employed to solve the above 
problems. The reason for this is that the above method is the most excellent in productivity, the cost of an equipment is 
low and the operation cost is also low. For the melt forming method, an extrusion forming method by a screw extruder 
or ram extruder is the most suitable. 

5 The extrusion forming method is defective in that when a high molecular weight polymer is attempted to be 
extruded, the extrusion power will sometimes be insufficient, and the screw is broken due to high viscosity of polymer. 
Further, since the shear stress at the nozzle is too large, the dies and barrels may not be resistant to the extrusion pres- 
sure caused by the resin. The defects are attempted to be overcome by raising the temperature of resin, mechanically 
enhancing the pressure resistance on dies or using a special extruder in which the land of the dies is made extremely 

10 small thereby to decrease the shear stress and lessen the pressure friction in the die. This invention, independently of 
or in combination with the above defect-overcoming means, have overcome the above defects by blending the ultra- 
high molecular weight polymer and material (hereinafter referred to as "thermoplastic low molecular material") having 
lower melting point and lower viscosity compared with the ultra-high molecular weight polymer and having a molecular 
weight of up to 500,000 or by effecting multilayer co-extrusion to decrease the shear stress. 

15 It is necessary that the extruder have such a high power as to extrude the ultra-high molecular weight polymer. Fur- 
ther, the extruder is desired to be such that the screw thereof withstand high pressure. Still further, the extruder is more 
desired to be such that it can extrude a mixture of said ultra-high polymer and thermoplastic low molecular weight mate- 
rials. 

The extruder is further desired to be one which allows the use of a large compression ratio and is still of a non-slip 

20 type since it uses therein an ultra-high molecular weight polyethylene and paraffin as well as a powdered resin, powdery 
additives and powdered thermoplastic low molecular weight materials. 

To solve the above-mentioned problems, a proper method or methods selected from an increase in a ratio of L/D 
(the ratio of a distance L between the inlet and outlet of the die to the inner diameter 0 of an outer die 34, in the case 
of a screw as shown in Fig. 2 of the attached drawing), the use of a screw which is large in size at its root, and rough- 

25 ening of the barrel side surface can be employed. 

As a film forming method, an inflation film method using circular dies and a Tdie film method may be used. 
Among the Tdies, one in which a multilayer co-extrusion die is used is particularly suited for this invention. It is nec- 
essary in the Tdie that, for example, the die land be short, the die gap be enlarged and the die temperature be raised 
since the ultra-high molecular weight polyolef in will cause melt fracture if the shear velocity is high at the die land, 

30 A method using therein a rotary mandrel which is variation of a circular die and disclosed in the aforesaid Japanese 
Pat. Appln. Laid-Open Gazette No. Sho 62-122736, may also be employed and, however, this method is disadvanta- 
geous in that pressure resistance is high at the outer die portion and a molten high molecular weight body can some- 
times not be extruded. The present inventors made intensive studies of this disadvantageous point and, as a result, they 
found that the molten high molecular weight body can be extruded by providing multiple layers of resin flows on the 

35 outer die portion and having a low viscous substance flowed in contact with the inside of the outer die. In this case, the 
flow ratio of the low-viscosity substance is not stable or constant due to a high extrusion pressure of the ultra-high 
molecular weight polyolefin when an extruder alone is used; thus, the former substance is required to be pushed into 
the latter polyolefin flow by use of a high pressure pump such as a gear pump or a plunger pump. 
After the the extrusion, an ordinary film forming method will be applied to this invention. 

40 In the film formation according to this invention, it is desirable that the draft ratio be not high and, in the case of for- 
mation of an inflation film, it is also desirable that the blow up ratio (BUR) be low. The reason for this is that keeping low 
the orientation of films as much as possible is effective in extremely inhibiting the occurrence of unevenness of film 
thickness, orientation and crystallization degree, thereby to ensure the subsequent uniform transverse stretching of the 
film and prevent the unevenness of the denier of the longitudinally stretched products. 

45 It is desirable that water-cooling film forming be applied to the film forming of the ultra-high molecular weight poly- 
olefin according to this invention. 

The ultra-high molecular weight polyolefin has a high tension and is therefore difficultly stretchable at a high stretch 
ratio, but it will be able to be uniformly stretched by a low tensile force for stretching by means of water-cooling film form- 
ing. 

so The problems raised when high-strength yarns are attempted to be produced from molten films are that a high 
molecular weight polyolefin cannot be stretched at a high stretch ratio since such polyolefin causes molecular entangle- 
ment thereof by melting it The present inventors made intensive studies in attempts to solve these problems and, as a 
result, they found that somewhat of transverse stretching of a film effected before the step of longitudinal stretching 
thereof will enable the film to be stretched at a high stretch ratio in the subsequent longitudinal stretching step thereby 

55 to obtain high-strength stretched tapes. The reason for this is supposed to be that the width of the film shrinks in the 
early stage of the longitudinal stretching step so that some lamellas are formed from the transversely stretched mole- 
cules and the lamellas are unraveled smoothly by being stretched in the subsequent longitudinal stretching step thereby 
effecting high ratio stretching. Likewise, there may be provided a step of positively shrinking the film in the transverse 
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direction before the longitudinal stretching thereof; but without being subjected to such a step, the film thermally shrinks 
in the transverse direction at an early heating stage in the step of longitudinal stretching of the film. 

The present inventors also made intensive studies of transverse stretching means and, as a result, they found that 
a means of stretching a film while holding both the side edges thereof is suited for this invention because said means 

5 satisfies conditions desired therein, such as resistance against high tension, ability to set up stretch ratio desired, and 
hardly any stretching in the longitudinal direction. The means of transversely stretching the film while holding both the 
side edges thereof may be a tenter means for use for bi-axial stretching. Further, transverse stretching according to a 
pulley method (British Patent No. 849, 436, USP 4,349,500 (or Japanese Patent Publication Gazette No. Sho 57- 
30368)) is particularly suited for this invention since an apparatus for carrying out this invention is low in cost and simple 

10 in operation. 

Transverse stretching of this invention may be effected by hot-air stretching. Transverse stretching according to the 
pulley method can preferably be employed in this invention since this method is characterized in that it allows not only 
hot-air stretching but also hot-water or steam stretching with which temperature can be easily kept constant. Since a 
constant temperature prevents the unevenness of stretching, the constant temperature and a simple apparatus are sig- 
15 nificant factors. 

As countermeasures for ununiform stretching corresponding to the ununiformity of film thickness, the thick portion 
of the film during transverse stretching may be heated with an infrared heater, hot air, or the like, or cool air may be 
applied to the thin portion. 

Transverse stretching can be performed during melting the film. When an ordinary polymer is employed, even if the 

20 film is transversely stretched during melting, the effect of molecular orientation is low, and the orientation is not stable. 
In contrast to this, in this invention, when the ultra-high molecular weight polyolefin is employed, the molecular flow is 
small even during melting, and a molecular orientation corresponding to the stretch ratio can be obtained stably. As the 
temperature during melting is high, the tension is small and a transverse stretching apparatus can be simple. 

Another characteristic feature of transverse stretching during melting is that if it is performed by using a film 

25 obtained by extruding a polymer blended with thermoplastic low molecular weight materials, the thermoplastic low 
molecular weight materials, which do not sufficiently move to the surface of the film when only film formation is per- 
formed, further bleed to the surface during the transverse stretching. 

In the transverse stretching during melting, it is important that the temperature be not extremely higher than the 
melting point of the ultra-high molecular weight polyolefin. This is because if the temperature is extremely higher than 

30 the melting point of the ultra-high molecular weight polyolefin, the effect of molecular orientation is small, and it 
becomes difficult to obtain transverse orientation quantitatively. 

Transverse stretching according to the pulley method can be effected by hot-water or steam stretching, as 
described above. An extruded film formed by ordinary air cooling is not suitable for stretching with hot water or the like 
since it has a high crystallization degree. 

35 Conventionally, regarding polypropylene, water-cooling f Dm formation with water or hot water is employed often on 
extrusion. This is because the crystallization degree is decreased by water-cooling film formation so that the stretching 
temperature can be decreased. Regarding ordinary high-density polyethylene, its crystallization degree does not 
change largely even if it is formed into a film by water cooling, and thus does not largely contribute to a decrease in 
stretching temperature. Thus, water-cooling film formation is not employed in formation of high-density polyethylene 

40 film. 

However, it has become apparent that the water-cooling film formation can decrease a stretching temperature of 
the ultra-high molecular weight polyethylene its by and that it can be stretched in hot water which can heat uniformly. 
Therefore, it was confirmed that the ultra-high molecular weight polyethylene can be stretched at a uniform temperature 
with a simple apparatus. 

45 The transverse stretch ratio need not be very high. Moreover, high-ratio transverse stretching sometimes hinders 
formation of lamellas by shrinkage after transverse stretching. If the transverse stretch ratio is high, subsequent longi- 
tudinal stretching becomes difficult, and the unevenness of stretching also become large. 

A transverse stretch ratio in an ordinary solid state is 1 .5 to 5 times, and preferably 2 to 3 times. When the film is in 
the molten state, the transverse stretch ratio is 1 .5 to 8 times, and preferably 2 to 5 times, which are slightly higher than 
so the values in the solid state. 

In this invention, after film formation, the film is transversely stretched and then sirtted longitudinally into tapes, and 
the thus obtained tapes are stretched longitudinally. 

In longitudinal stretching, the stretch zone must be long. As a longitudinal stretching means, roller stretching, hot- 
air stretching, hot-plate stretching, hot-water stretching, rolling, or the like can be employed. It is desired that such 
55 stretching means be employed in combination to perform multistage stretching. When rolling is utilized, the film can be 
rolled at a predetermined ratio and then sirtted longitudinally into tapes, which can be further longitudinally stretched in 
an ordinary manner. This longitudinal stretching is also included in the scope of this invention. 

The longitudinal stretch ratio must be as high as possible, and is usually 10 times or more, preferably 30 times or 
more, and further preferably 50 times or more. 
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The ultra-high molecular weight polyolef in used in this invention is a homopolymer or copolymer of olefin, e.g., eth- 
ylene, propylene, butene, pentene, hexene or the like. A polymer of a-def in is desired as it can realize a high crystalli- 
zation degree, and high-density polyethylene and polypropylene are particularly desired. A material obtained by 
copolymerizing other polymers to such a polymer is also included. Such an ultra-high molecular weight polyolef in pref • 
5 erably has a viscosity average molecular weight of 500,000 or more, and more preferably 1,000,000 or more. In ultra- 
high molecular weight polyethylene, the intrinsic viscosity measured with a 1 35°C decalin solution is 5 dl/g or more, and 
is preferably 10 d//g or more. 

In this invention, if the thermoplastic low molecular weight material, or a special die shown in the following detailed 
description of the preferred embodiment are used for extrusion, an ultra-high molecular weight polyolef in having a 
10 higher molecular weight than in the conventional method can be extruded. 

A higher molecular weight leads to a higher potentiality for a higher strength and modulus of a stretched yarn. A 
low molecular weight polymer cannot be stretched at a high ratio and cannot easily provide a high strength. 

A material blended or co-extruded with the ultra-high molecular weight polyolefin must be a thermoplastic low 
molecular weight material having a lower viscosity than that of the ultra-high molecular weight polyolefin when extruded 
15 together with the ultra-high molecular weight polyolefin. This is because a low- viscosity material moderates the difficulty 
in extrusion of the ultra-high molecular weight polyolefin. Such a material preferably has a molecular weight of up to 
500,000, and more preferably up to 1 00,000. Oil or the like which takes the form of a liquid at room temperature is solid- 
ified when cooled. Thus, such a material is also included in the thermoplastic low molecular weight material for the sake 
of convenience. 

20 An example of the thermoplastic low molecular weight material used in this invention includes polyethylene such as 
high-density polyethylene, polypropylene, various types of modified polyolefins, various types of waxes, an ethylene- 
vinyl acetate copolymer, poiyamide, polyester, unsaturated polyester, a fluorine-based polymer, a silicone-based poly- 
mer, polyethylene glycol, glycerin, a solvent for an ultra-high molecular weight polyolefin, e.g., decalin, and the like. 

Polyethylene glycol and glycerin can be removed easily with water in accordance with water-cooling film formation 
25 or the like as they are water soluble. 

These thermoplastic low molecular weight materials not only moderate the difficulty in extrusion but also contribute 
to improving the surface physical properties of the yarns, so that they can improve thermal adhesion properties, dyea- 
bility, compatibility with an FRP (Fiber-Reinforced Plastic) matrix, and the like to the yarns. 

A low molecular weight material, e.g., wax, is removed during film formation and stretching steps, and is removed 
30 further positively from a product. 

Various types of additives, e.g., an adhesive, an antioxidant, an ultraviolet inhibitor, an antislip agent, a lubricant, 
an antistatic agent, and the like; a coloring agent, e.g., a pigment or a dye; a fire-retardant; and the (ike can be added 
to these ultra-high molecular weight polyolefins and thermoplastic low molecular weight materials, in the same manner 
as in ordinary film extrusion. 

35 As extrusion formation of this invention is performed at a particularly high temperature, there is a fear of oxidation 
of the ultra-high molecular weight polyolefin. However, when large mounts of antioxidant and heat stabilizer are added 
to the thermoplastic low molecular weight material, extrusion formation can be performed without degrading the nature 
of the ultra-high molecular weight polyolefin. This is also a characteristic feature of this invention. 

According to this invention, high-strength yarns having a strength of 10 g/d (gram/denier) or more, which is calcu- 

40 lated in an ultra-high molecular weight polyolefin component portion alone, can be manufactured easily, and yarns hav- 
ing a strength of 15 g/d or more and yarns having a strength of 20 g/d or more can also be manufactured. When the 
amount of thermoplastic low molecular weight material is increased, the strength of the yarns is decreased relatively. 
Thus, the strength must be calculated by subtracting the weight of the thermoplastic low molecular weight material. 
The high-strength yarns of this invention include longitudinally stretched tapes and split yarns made by the splitting 

45 thereof. 

The definite strength of the yarns that achieve a high strength and a high modulus through high-ratio stretching 
depends on the type of the ultra-high molecular weight polyolefin and the property and content of the thermoplastic low 
molecular weight material mixed in the ultra-high molecular weight polyolefin. 

When split yarns that are not twisted are measured, they exhibit a strength which is about 80 to 90% that of the 
so tapes before splitting. However, when split yarns are subjected to optimum twisting, they can exhibit a higher strength 
than that of the tape. 

(Second Aspect of the Invention) 

55 A second object of this invention is to provide a meshy webs-crossed laminated nonwoven fabric having higher 
strength and higher modulus than those of a conventional equivalent, and to establish a process for producing the 
meshy webs-crossed laminated nonwoven fabric at a high productivity. 

An ultra-high molecular weight polyolefin is employed as the raw material polymer, since it can basically has high 
strength although its processability is poor. 
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In other words, the second object of this invention is to produce a high-performance stretched web and web- 
crossed laminate (or web-crossed laminated nonwoven) by using the ultra-high molecular weight polyolef in resin having 
a poor processability. More specifically, the second object of this invention is to provide a process for producing unidi- 
rectionally high-strength meshy webs from an ultra-high molecular weight polyolef in as a raw material, webs-crossed 
5 laminates using such a high-strength meshy web as at least one of a longitudinal nonwoven web and a transverse non- 
woven web, and a process for producing such webs-crossed laminates. 

In order to solve the above problem, the present inventors made intensive studies, and reached the following 
means. More specifically, in order to achieve the second object of this invention, according to a second aspect of this 
invention, there is provided a process for producing meshy webs having a unidirectional strength, comprising the steps 
10 of making a number of slits longitudinally or transversely in films made of an ultra-high molecular weight polyolef in hav- 
ing a viscosity average molecular weight of at least 500,000 so that the films each take a meshy form when spread in 
the direction perpendicular to the slits, and stretching the meshy form structures in the direction of the slits. 

It is preferable that this invention include the step of forming the ultra-high molecular weight polymer into a film. This 
is because to start manufacture from a film is the best-productivity process for producing meshy webs. 
15 As a method for forming a film, film formation after dissolution in a solvent or melt formation can be employed. 

As film formation, a casting method, an inflation film method using a circular die, and a T-die film method are avail- 
able, each of which can be employed in this invention. 

In melt formation, since ultra-high molecular weight polyolefin has a high melting viscosity, the friction in the die 
becomes large to cause melt fracture, leading to a difficulty in extrusion forming. When, however, the molecular weight 
20 is low, a high-performance product cannot be expected. The present inventors found the above-described two methods 
in which an ultra-high molecular weight polyolefin having a higher molecular weight than in the conventional method can 
be used. 

According to the first method, a thermoplastic low molecular weight material as a low-viscosity component, e.g., 
paraffin wax, is mixed. 

25 According to the second method, the thermoplastic low molecular weight material is co-extruded from a multilayer 
co-extrusion die. 

When the thermoplastic low molecular weight material is employed as a prospective surface layer and a resin serv- 
ing as an adhesive layer during laminating the longitudinal and transverse webs is used, it helps in improving the sur- 
face physical properties of the laminate, thus serving multipul purposes at a time. 

30 Also, means that are employed in ordinary film formation, e.g., to increase the extruding temperature, to use a die 
having a low die resistance, and to employ a special extruder, may be employed. 

To cool a film extruded from the extruder, ordinary film forming method can be used unchanged, and water-cooling 
film formation is particularly suitable. Since ultra-high molecular weight polyolefin has a high tension, it is difficult to per- 
form high-ratio stretching with it. When water-cooling film formation is employed, the ultra-high molecular weight poly- 

35 olefin can be stretched uniformly with a low tension. 

According to the second aspect of this invention, after meshy slits are formed unidirectionally in the formed film, the 
film is stretched at a high ratio in the direction of the slits, thereby manufacturing meshy webs having a high strength in 
the stretching direction. It was also found that, in order to obtain a higher strength, H is preferable that first the molecules 
be oriented unidirectionally by stretching or the like, slits be formed in the form of meshes in a direction perpendicular 

40 to the initial molecular orientation (to be referred to as pre-orientation hereinafter), and thereafter the webs be stretched 
in the direction of the slits. 

When the pre-orientation direction is longitudinal, longitudinal orientation may be effected by longitudinal drafting 
during film formation, or longitudinal stretching, roiling, or the like after film formation may be employed. 

When the pre-orientation direction is transverse, a transverse orientation means that uses a high blow-up ratio 
45 (BUR) at the time of inflation film formation may be employed. Transverse orientation can also be effected by trans- 
versely stretching the molten or dissolved film, or by transversely stretching the formed film. With an ordinary polymer, 
when the molten or dissolved film is stretched, the orientation degree of the molecules is low. In contrast to this, a high 
molecular weight polymer has a high viscosity even in a molten state, and its molecules are oriented by stretching. 
In this pre-orientation, the orientation need not be complete, and is preferably 1.5 to 5 times, and more preferably 
so about 2 to 3 times when expressed as the ratio of ordinary stretching. In stretching or drafting of a molten film, the ratio 
becomes higher than this range. 

Subsequently, meshy slits are formed in the direction perpendicular to the pre-orientation direction, and the film is 
stretched in the direction of the meshy slits. It is supposed that by this stretching, the film shrinks in the direction per- 
pendicular to the pre-orientation direction, and the lamellas formed by this shrinkage are stretched in the direction of 
55 the meshy slits, so that the lamella molecules are unraveled smoothly, thereby effecting high-ratio stretching. In this 
respect, the step of causing thermal shrinkage before stretching in the direction of the meshy slits, thereby causing pos- 
itive widthwise shrinkage, may be provided. However, the film shrinks widthwise in the early heating stage of the stretch- 
ing step, which replaces the above step. 
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As a longitudinal stretching means in production of meshy webs, roller stretching, rolling, hot-air stretching, hot- 
plate stretching, hot-water stretching, and the like that are identical to those employed in the production of the high- 
strength yarns described above, can be employed. rt is desired that such stretching means be employed in combination 
to perform multistage stretching. 
5 The present inventors made intensive studies on the transverse stretching means of this invention and, as a result, 
they found that the stretching means that are identical to those employed in the production of the high-strength yarns 
are desired due to the same reason as that described regarding production of the high-strength yams. 

Transverse stretching is also preferably performed in the form of multistage stretching so that high-ratio stretching 
is effected. 

10 In this invention, a number of slits are formed in the films in the longitudinal or transverse direction so that each film 

takes a meshy form when spread in the cross direction against sifts direction. 

Slitting methods are disclosed in, e.g., Japanese Patent Publication Gazettes Nos. Sho 60-37786, 61-11757 and 

61 -231 04, and Japanese Pat. Appln. Laid-Open Gazette No. Hei 5-228669 that are filed by the present inventors. 
In this invention, meshy slits are formed in the films in the machine direction or the cross direction of the film forma- 
ts tion (longitudinal or transverse direction), and the films are stretched in the direction of the slits, thereby manufacturing 

a longitudinally or transversely stretched meshy web. 

High-ratio stretching must be performed in this invention. When an ultra-high molecular weight polymer film having 

a particularly large width is stretched at a high ratio, cracks may be formed therein easily, or stretching itself becomes 

difficult. Stretching after slitting can eliminate these problems. 
20 Stretching after slitting is preferably performed at a stretch ratio higher than that in ordinary polyolefin stretching. 

The stretch ratio in invention is preferably 10 times or more although that in an ordinary polyolefin film is ordinarily 6 to 

8 times. A higher ratio is preferable in a polyolefin film which has initially been subjected to pre-orientation, and such a 

film is stretched at a stretch ratio of 20 times or more, preferably 30 times or more, and more preferably 50 times or 

more. 

25 The strength of a web stretched in the longitudinal or transverse direction is 10 g/d or more, and is preferably 15 
g/d or more, and most preferably 20 g/d or more. 

When the longitudinal web obtained by this invention is stretched after slitting in accordance with proximity stretch- 
ing, the obtained meshy form is spread widthwise to form a high-strength meshy longitudinal web. Usually, the web must 
be spread widthwise to form a predetermined mesh. The widthwise spreading method is disclosed in, e.g., Japanese 
30 Patent Publication Gazette No. Sho 46-43275. USP 3,904,334 (or Japanese Patent Publication Gazette No. Sho 50- 
40186), and Japanese Patent Publication Gazette No. Sho 51-30182. 

The existing web laminating technique can be employed unchanged as the web laminating technique of this inven- 
tion. 

An example of the web laminating technique of this invention is an overlapping method (Japanese Patent Publica- 
ns tion Gazette No. Sho 44-22231 and the like) employed in an ordinary nonwoven fabric. Although this method is advan- 
tageous in that it can be effected with a simple apparatus, it is disadvantageous in that it has a poor productivity, the 
transverse webs are directed obliquely, the transverse webs form a laminated lap (adjacent transverse webs overlap 
partly with each other), a lightweight web is difficult to manufacture, and the like. 

As a method of using a web laminator, a method is available which is previously proposed by the present inventors 
40 in USP 3,853,662, USP 3.859,156, USP 4,052,242 (or Japanese Patent Publication Gazettes Nos. Sho 49-48580, 50- 
40185, 53-38783) and Japanese Patent Publication Gazettes Nos. Sho 55-51058 and 57-54581 , and the like. Although 
this method has a good productivity, it is defective in that the transverse webs form a laminated lap. 

A web laminating method for laminating transversely stretched webs and longitudinal webs is available (USP 
4.349,500, USP 4,525,317. USP 4,992,124 (or Japanese Patent Publication Gazettes Nos. Sho 57-30368, Hei 1- 
45 60408, Hei 3-36948), Japanese Patent Publication Gazette No. Sho 62-28226, and the like). The characteristic feature 
of this method is that it has a good productivity and it is free from a laminated lap formed on transverse webs. As the 
transversely stretched webs of this invention have a high stretch ratio, they are particularly suitable for an ultra-high 
molecular weight polymer film which is difficult to form with a large width. 

In the web-crossed laminate of this invention, at least one of the longitudinal and transverse webs that are lami- 
so nated to cross each other is a web produced from an ultra-high molecular weight polyolefin of this invention, and the 
other one may be a longitudinal or transverse web used in an ordinary web-crossed laminate. 

In this case, yarn webs produced in accordance with other producing processes may be used as other webs. 
After the longitudinal and transverse webs are laminated to cross each other, they must be bonded by adhesion. 
Various types of methods can be employed for adhesion bonding. For example, emulsion adhesion, hot-melt adhesion, 
55 adhesion with a powder adhesive, heat melt adhesion, ultrasonic adhesion, and the like can be employed. Of these 
adhesion methods, what is particularly effective is the one in which an adherent material is co-extruded during film for- 
mation to perform adhesion with this adherent material. This is effective not only for adhesion but also in decreasing the 
friction in the die during film formation. 
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The web-crossed laminate of this invention has a web strength in the longitudinal or transverse direction of at least 
5 g/d and preferably 7 g/d or more. As described above, the longitudinally and transversely stretched meshy webs of 
this invention have a strength of 10 g/d or more. When they are laminated to cross each other, the entire strength 
becomes about half due to the presence of a component that does not contribute to the strength (a transversely 
5 stretched web component if the longitudinal strength is in question). To perform web-crossed laminating, an adhesive 
layer for adhering the longitudinal and transverse webs is required, and the entire strength often becomes smaller than 
that of the stretched meshy webs made of ultra-high molecular weight polyotefin. 

When the web-crossed laminate of this invention is compared with a commercially available meshy web-crossed 
laminate (nonwoven fabric of split-fiber web-crossed laminate), the former has a strength 3 times or more that of the 
w latter as the latter has a longitudinal or transverse strength of about 1 .5 g/d. 

The ultra-high molecular weight polyolefin used in the manufacture of the meshy web and the web-crossed lami- 
nate of this invention can be the same as that used fa the manufacture of the high-strength yam described above. 

In the manufacture of the meshy web, if a thermoplastic low molecular weight material is employed in combination 
or a special die is used, an ultra-high molecular weight polyolefin having a higher molecular weight than in the conven- 
es tional method can be used. Regarding the thermoplastic low molecular weight material blended or co-extruded with the 
ultra-high molecular weight polyolefin, those which are used in the manufacture of the high-strength yarn can be 
employed. 

These thermoplastic low molecular weight materials not only moderate the difficulty of extrusion but also contribute 
to improving the surface physical properties of the web, thus improving the thermal adhesion properties, the dyeability, 
20 the compatibility with the FRP or FRTP (Fiber- Reinforced ThermoPlastic resin) matrix, and the like to the webs. 

Furthermore, an adhesive, a dye. and the like can be added to the thermoplastic low molecular weight materials, 
and the ultra-high molecular weight polyolefin can be extruded without degrading its nature by adding large amounts of 
antioxidant and heat stabilizer to it. These are also the characteristic features of this invention, as in the manufacture of 
the high-strength yarn. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 A and 1 B show an example of an apparatus that longitudinally slits a film into tapes after the film is subjected 
to transverse stretching under melting in T-die film formation, in which Fig. 1 A is a plan view and Fig. 1B is a side 
so view; 

Fig. 2 shows an example of a film forming apparatus which co-extrudes an ultra-high molecular weight polyolefin 
and a thermoplastic low molecular weight material in tubular water-cooling film formation; 
Fig. 3 shows how to introduce an inflation internal pressure adjusting air introducing pipe in the film forming appa- 
ratus shown in Fig. 2; 

35 Figs. 4A and 4B show an example of an apparatus in which a thermoplastic low molecular weight material and an 
ultra-high molecular weight polyolefin are merged in the adapter of the extruder and co-extruded in T-die film for- 
mation, in which Fig. 4A is a front view and Fig. 4B is a side view; 
Fig. 5 shows ah example of water-cooling film formation in T-die film formation; 
Fig. 6 shows an example of chill-roll film formation in T-die film formation; 

40 Fig. 7 shows a transverse stretching apparatus according to a pulley method as an example of a transverse stretch- 
ing apparatus that can perform hot-water stretching; 

Figs. 8A and 8B show an example of an apparatus for forming meshy slits in a film after the film is subjected to 
transverse stretching under melting in T-die film formation, in which Fig. 8A is a plan view and Fig. 8B is a side view; 
Rg. 9 shows proximity stretching as an example of a longitudinal stretching method; 
45 Fig. 10 shows the principle of an example of a web-crossed laminating method which is effected with a web lami- 
nator; 

Fig. 11 shows the principle of laminating adhesion of longitudinally and transversely stretched webs, which is an 
example of the web-crossed laminating method; 

Fig. 12 shows the examples of various types of slit patterns (a, b, c....) of the films and concepts of patterns (a\ b\ 
so c',...) obtained by stretching them; and 

Figs. 13A and 13B show the concepts of the webs of web-crossed laminates. 

DETAILED DESCRIPTIO N QF THE PREFERRE D EMBODIMENTS 

55 The preferred embodiments of this invention will be described in detail with reference to the accompanying draw- 
ings. 
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Examples 1 to 4 and Comparative Examples 1 and Z 

Figs. 1 A and 1 B show T-die film formation and transverse stretching in the molten state of this invention, in which 
Fig. 1 A is a plan view and Fig. 1 B is a side view. 

5 An extruder 1 uses a screw 2 with a large-diameter root Since the root of the screw 2 is large, a high-power motor 
can be used, and even if the power is large, the screw 2 will not be broken. In order to ensure feeding, it is effective to 
form a barrel 3 side to have a rough surface. The characteristic feature of extruder 1 also resides in that it can reliably 
extrude even a mixture mixed with a low-viscosity wax or the like. 

An ultra-high molecular weight polyolefin material or a mixture thereof with a thermoplastic low molecular weight 

10 material charged through a hopper 20 and melted and kneaded by the extruder 1 is guided to a T-die 4, and is extruded 
as a film (or a sheet) 5. As this film 5 is to be transversely stretched, it must be extruded thick accordingly. 

The extruded film 5 is transversely stretched by a pulley type transverse stretching apparatus in a hot-air chamber 
6 without being solidified. The transverse stretching apparatus holds the both side edges of the film with a pair of 
stretching pulleys 7a and 7b and belts 8a and 8b (the belt 8b is not illustrated in Fig. 1 B as it is behind the belt 8a and 

is thus cannot be seen, and the belts 8a and 8b are not illustrated in Fig. 1 A to avoid complicated drawing) that f it with the 
pulleys 7a and 7b and circulate, so that the film is transversely stretched by a divergent track between the two pulleys 
7a and 7b. Due to the hot air of the hot-air chamber 6, the film is not solidified in the stretching process. After stretching, 
a transversely stretched film 9 is cooled by a cooling roll 10, and is sifted into a number of tapes 1 2a, 12b, 1 2c,... with 
a large number of razor (razor blade) slitters 1 1 arranged at a predetermined pitch. The tapes 1 2a, 1 2b, 1 2c, ... are taken 

20 up by nip rolls 13a and 13b, and are guided to a subsequent longitudinal stretching step. 

The transverse stretching system for film formation shown in Figs. 1 A and 1 B also applies for mixing a thermoplas- 
tic low molecular weight material and extruding the obtained mixture. During film formation or in the process of melt 
transverse stretching, most of the thermoplastic low molecular weight material is gradually bled on the surface of the 
film. 

25 It is desired that in Figs. 1 A and 1 B the draft ratio after film formation before the transverse stretching apparatus be 
not high. If the draft ratio is high, the effect of transverse stretching cannot be obtained unless the transverse stretch 
ratio is increased/and in transverse stretching, the unevenness in transverse stretching become large. Usually, the lon- 
gitudinal draft ratio is preferably within the range of 1 to 3. 

When a Tdie having a multilayer die is used as the Tdie shown in Figs. 1 A and 1 B. a multilayer extruded film having 
30 the thermoplastic low molecular weight material as its surface layer can be obtained. 
Fig. 2 shows an example of film formation according to the inflation method. 

An ultra-high molecular weight polyolefin material is charged through a hopper 20 and extruded by an extruder 22 
comprising a screw 21 . A distal end portion 23 of the screw 21 is not provided with screw blades and serves as a rotat- 
abie mandrel. 

35 A thermoplastic low molecular weight material is fed by gears 24a and 24b of a gear pump, distributed around the 
barrel by a manifold 25, covers the circumferential portion of the molten body of the ultra-high molecular weight polyole- 
fin at the rotatable mandrel portion 23 to form the surface of an inflation film 26, and is extruded. 

The inflation film 26 is cooled with water 27 within a range not to form a frost line therin, passes through guide 
plates 28a and 28b and nip roils 29a and 29b, is cut open with a knife 30, and is guided to a transverse stretching step 

40 35. The internal pressure of the bubble of the inflation film 26 is controlled by guiding internal pressure adjusting air 
through a pipe 31. 

As the water-cooling film formation, methods disclosed in USP 3,904,334 (or Japanese Patent Publication Gazette 
No. Sho 47-47084), and Japanese Patent Publication Gazette No. Sho 48-22966 that are previously filed by the present 
inventors are effective as the ultra-high molecular weight polymer inflation film has a high internal pressure. Among 
45 these methods, one described in USP 3,904.334 that uses a net and one that uses a coil ring are particularly suitable. 

A groove 33 is formed in the nip roll 29a, as shown in Fig. 3, to place the pipe 31 therein. 

The thermoplastic low molecular weight material can be fed by another high-pressure pump, e.g., a high-pressure 
extruder although Fig. 2 shows a case in which the thermoplastic low molecular weight material is fed by a gear pump. 

Figs. 4A and 4B show a case wherein ultra-high molecular weight polyolefin a and a thermoplastic low molecular 
so weight material £ form a film with a three-layer co-extrusion Tdie, in which Fig. 4A is a front view and Fig. 4B is a side 
view. 

As a three-layer co-extrusion Tdie, although a three-layer internal laminate type manifold flat die (multi-manifold 
die) can be used, it has a complicated structure and not only leads to an expensive die but also has a high internal pres- 
sure, thus easily causing melt fracture. Figs; 4A and 4B show a method in which the ultra-high molecular weight poly- 
55 olefin a and the thermoplastic low molecular weight material p are merged in an adapter 43. 

In the apparatus shown in Figs. 4A and 4B, the ultra-high molecular weight polyolefin molten resin a is kneaded and 
extruded by an extruder (not shown) and guided to the adapter 43 through a guide pipe 41. The thermoplastic low 
molecular weight material p is kneaded by another extruder (not shown), guided to the adapter 43 through a guide pipe 
42, separated into branch pipes 44 and 45 in the adapter 43. and is merged with the ultra-high molecular weight poly- 
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olefin a on the upper and lower surfaces thereof at a merge point 46 in the adapter 43. A flow 47 of the merged molten 

resin is guided to a T-die 48, spread along a coat hunger-type groove 49, and guided to a die lip 50. A molten f flm of the 

ultra-high molecular weight polyolefin having the layers of the thermoplastic low molecular weight material & on its 

upper and lower surfaces is extruded from the die lip 50. 
5 The thermoplastic low molecular weight material a kneaded by the extruder is preferably supplied to the adapter 43 

with a high-pressure pump, e.g., a gear pump. This is because the ultra-high molecular weight polyolefin a, in the 

adapter 43 has a high melt pressure. 

This method in which merging is caused in the adapter in this manner is also called a feed block die or combine 

adapter method, and can be employed in a multilayer co-extruded fDm. e.g., a three resin-types three-layers film, a five 
w resin-types five-layers film, and the like. In the case of the five resin-types five-layers film, the core may be made of an 

ultra-high molecular weight polyolefin, the surface layer of the ultra-high molecular weight polyolefin may be made of an 

adherent material matching the ultra-high molecular weight polyolefin, and the outermost surface of the film may be 

made of an adherent material matching the matrix to be adhered. 

When the method in which merging is caused in the adapter as in the apparatus shown in Figs. 4A and 4B is 
15 adapted, an ultra-high molecular weight polyolefin having a higher molecular weight that cannot be conventionally 

used, can be used, so that a higher-performance stretched tape can be obtained. This method can also be applied to 

a circular die as shown in Fig. 2. 

Fig. 5 shows an example of water-cooling film formation in T-die film formation. A film 52 extruded from a T<Jie 51 

is cooled with water 54 stored in a tank 53. In this case, it is also preferable that the film 52 be water-cooled within a 
20 range not forming a frost line therein. A water-cooled film 55 is guided to a transversely stretching step through nip rolls 

56a and 56b. 

Fig. 6 shows another example of the cooling method in T-die film formation. A film 62 extruded from a T-die 61 is 
cooled by a chill roll 63 and guided to a transverse stretching step. 

Fig. 7 shows an example of a transverse stretching apparatus capable of hot-water stretching. A water-cooled film 
25 71 is guided into a tank 72 storing hot waters and transversely stretched by a pulley type transverse stretcher. The 
transverse stretcher holds the both side edges of the film 71 with a pair of stretching pulleys 73a and 73b that rotate in 
hot water and belts 74a and 74b that are fitted with the stretching pulleys 73a and 73b to circulate, so that the film is 
transversely stretched by a divergent track between the two pulleys 73a and 73b. As the water-cooled film can be 
stretched by the temperature of the hot water, the transverse stretching apparatus can take this simple form. 
30 Fig. 7 shows an example of hot- water stretching. The apparatus shown in Fig. 7 can also perform steam stretching 
or hot-water stretching if it is turned upside down and a steam or hot air is stored in the tank 72. 

A water-cooled film is suitable for hot-water stretching or steam stretching. An air-cooled film is stretched with hot 
air as its appropriate stretching temperature exceeds 100°C. 

Table 1 shows the physical properties of high-strength ultra-high molecular weight polyolefin yarns of Examples 1 
35 to 4 which are obtained by film formation and stretching in accordance with the method of this invention, the physical 
properties of a yarn of Comparative Example 1 which uses an ultra-high molecular weight polyolefin having a lower 
molecular weight than that of Example 1 , and the physical properties of a yarn of Comparative Example 2 which is man- 
ufactured in accordance with an ordinary method. 

40 
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Referring to Table 1 , UHP stands for ultra-high molecular weight polyolefia Reference symbol a denotes an ultra- 
high molecular weight polyethylene having a viscosity average molecular weight of 1 ,1 10,000, b denotes an ultra-high 
molecular weight polypropylene having a viscosity average molecular weight of 850,000, and c denotes an ultra-high 
molecular weight polyethylene having a viscosity average molecular weight of 280,000. 
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TFM stands for a thermoplastic low molecular weight material. Reference symbol q denotes a mixture obtained by 
adding 300 ppm of Irganox 1010 (antioxidant) to San Wax 161 -P (paraffin wax manufactured by SANYO CHEMICAL 
INDUSTRIES, LTD.), q denotes ER010S (high-density polyethylene manufactured by Mitsubishi Chemical Industries 
Ltd.), and x denotes Novatec 390P (modified polypropylene manufactured by Mitsubishi Chemical Industries Ltd.). The 
5 weight percentage represents a proportion of TFM to UHP. 

The outline of the film forming apparatus is indicated by the figure number employed in the preceding description. 
The resin temperature is that of the die. The film thickness is the one obtained just before transverse stretching. The 
transverse stretching method is indicated by the figure number employed in the preceding description. Longitudinal 
stretching was performed as multistage stretching in a free space. 
10 The tensile strength (g/d) and tensile elongation (%) were measured with a chuck distance of 1 00 mm and a tensile 
rate of 100 mm/min. based on JIS L 1069. 

Example 1 shows a case wherein an ultra-high molecular weight polyethylene was formed into a film and the film 
was stretched with the film forming apparatus shown in Figs. 1 A and 1 B. The screw 2 of the extruder 1 has a root with 
an outer diameter of 40 mm, a distal end with an outer diameter of 30 mm, and an LTD of 24. A f flm 5 having a thickness 
is of 320 *im was formed with the Tdie 4 having a width of 250 mm. While this film was in the molten state, its two side 
edges were held with the pair of pulleys 7a and 7b that formed a divergent track in the hot-air chamber 6 and the belts 
8a and 8b that circulated on the pulleys 7a and 7b, thereby transversely stretching the film by 4 times by a pulley stretch- 
ing apparatus that performed stretching transversely, to obtain a transversely stretched film 9. The transversely 
stretched film 9 was cooled with the cooling roll 1 0 and slitted by the razor slitters 1 1 into a number of 20-mm width tape- 
so type films 12a. 12b, 12c The obtained tapes were taken up by the nip rolls 13a and 13b, and were subjected to the 

stretching step. 

In Example 1 , since a thermoplastic low molecular weight material was not used, melt fracture occurred in the film 
unless the number of revolutions of the screw was set to 10 or less. 

Although not shown, according to the stretching step, the film was stretched by three stages at 150°C in a free 
25 space. Flat yarns having a tensile strength of 24.7 g/d and a tensile elongation of 2% were manufactured with a stretch 
ratio of 35. 

In Example 2, 15 weight % of paraffin wax powder having a melting point of 55°C were mixed as a resin with ultra- 
high molecular weight polyethylene powder identical to that of Example 1. and the mixture was supplied through the 
hopper 20. The process for the film formation, the transverse stretching method, and the longitudinal stretching method 
30 were the same as those of Example 1 . Table 1 shows a film forming temperature (resin temperature), a stretching tem- 
perature, a tensile strength, a tensile elongation, and the like. In the film forming process, the transverse stretching proc- 
ess, and the longitudinal stretching process, the wax was removed as it gradually bled from the ultra-high molecular 
weight polyethylene system. 

Example 3 shows a case of tubular film formation in accordance with the film forming method of Fig. 2 to have a 
35 high-density polyethylene as an outer layer. The blow-up ratio (BUR) was 1 .1. and the longitudinal draft ratio was 3. 
Water-cooling film formation shown in Rg. 2 is the method described in Japanese Patent Publication Gazette No. Sho 
47-47084. In Example 3, the temperature of the cooling water 27 was 55°C. After the film formed by tubular film forma- 
tion was cut open with the knife 30 to form a flat film which was guided to the transverse stretching apparatus 35 iden- 
tical to that shown in Figs. 1 A and 1 B, and was stretched by 2.5 times at 1 25°C in the heating chamber. Thereafter, the 
40 stretched film was slitted into tapes, and the tapes were subjected to longitudinal stretching in the same manner as in 
Example 1. 

Example 4 shows a case wherein a three-layer film was formed, by using the three-layer co-extrusion Tdie shown 
in Figs. 4A and 4B as the T-die 51 of the apparatus shown in Fig. 5, to have a core made of ultra-high molecular weight 
polypropylene b and two surface layers made of modified polypropylene. In this case, the water temperature of the 
45 water 54 was room temperature (22°C). The resultant film was transversely stretched in hot water of 98°C with the 
transverse stretching apparatus shown in Fig. 7. Thereafter, the film was subjected to longitudinal stretching and the 
like in the same manner as in Example 1. 

Comparative Example 1 is identical to Example 1 except that ultra-high molecular weight polyethylene c having a 
molecular weight of 280,000 was employed as the raw material. With the ultra-high molecular weight polyethylene c 
so having a low molecular weight, the longitudinal stretch ratio and the tensile strength after stretching were low. 

In Comparative Example 2, a film was formed by using an ultra-high molecular weight polyethylene identical to that 
used in the Example 1. Since transverse stretching was not performed, the longitudinal stretch ratio and the tensile 
strength after stretching of the resultant film were low. 

55 Examples 5 to 9 and Comparative Example 3 

Figs. 8A and 8B show an example of preliminary processing necessary for Tdie film formation and for manufactur- 
ing a longitudinally stretched web in the molten state of this invention, in which Rg. 8A is a plan view and Rg. 8B is a 
side view. When the apparatus shown in Rgs. 8A and 8B is compared with that shown in Rgs. 1 A and 1B, longitudinal 
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slitters 16 for forming meshy longitudinal slits in the film are provided in place of the razor slitters 1 1 shown in Figs. 1A 
and 1B for slitting the fflm at a predetermined pitch. These longitudinal slitters 16 and a back up roll 17 opposing them 
constitute a longitudinal slitting unit. 

An ultra-high molecular weight polyolefin material or a mixture thereof with a thermoplastic low molecular weight 
5 material charged through a hopper 20 in the extruder 1 and melted and kneaded thereby, is guided to a T-die 4, and is 
extruded as a film (or a sheet) 5. When the film 5 is to be transversely stretched, it must be extruded thick accordingly. 

The extruded film may be guided to the longitudinal slitters 16 and 17 directly, or after it is cooled with the cooling 
roll. However, to manufacture a higher-strength web. the extruded film is preferably subjected to the subsequent trans- 
verse pre-orientation step. 

70 The extruded film 5 is not solidified in a hot-air chamber 6 but is transversely stretched with pulley-method trans- 
versely stretching units 7a and 7b. Due to the hot air of the hot-air chamber 6, the film is not sometimes solidified in the 
stretching process. However, since the film is made of the ultra-high molecular weight polyolefin, it has a high melt vis- 
cosity, and thus molecular orientation occurs in it. 

After being subjected to stretching and transverse pre-orientation, a resultant film 9 is cooled by a cooling roll 10, 
15 and a number of longitudinal slits 1 5 are formed in the film 9 zigzag and intermittently with longitudinal slitters consisting 
of the longitudinal slitters 16 and the back up roil 1 7. A web 1 8 having zigzag intermittent slits in the longitudinal direc- 
tion is taken up by nip roils 1 3a and 1 3b and is guided to the subsequent longitudinal stretching step. 

As an apparatus for effecting transverse pre-orientation, not only this transverse stretching according to the pulley 
method, but also conventional tenter stretching, a corrugated roil method (Japanese Patent Publication Gazette No. 
20 Sho 59-32307 and the like), and the like can be employed. 

As the longitudinal slitting means, one disclosed in previously cited applications and the like of the present inven- 
tors can be employed. 

The film forming and transverse stretching system shown in Figs. 8A and 8B also applies for extruding a mixture of 
an ultra-high molecular polyolefin with a thermoplastic low molecular weight material to form a film and subjecting to the 
25 transvers stretching thereof. During film formation or in the process of melt transverse stretching, most of the thermo- 
plastic low molecular weight material is gradually Wed on the surface of the film. 

It is desired that the draft ratio from film formation to the transverse stretching apparatus shown in Figs. 8A and 8B 
be not high. If the draft ratio is high, the effect of transverse stretching cannot be obtained unless the transverse stretch 
ratio is increased, and in transverse stretching, unevenness in transverse stretch ratio become higher. Usually, the lon- 
30 gitudinal draft ratio is preferably within the range of 1 to 3. 

When a T-die having a multilayer die is used as the Tdie shown in Figs. 8A and 8B, a multilayer extruded film having 
the thermoplastic low molecular weight material as its surface layer can be obtained. 

An example of the manufacture of a transversely stretched web will be described. 

It is possible to slit a film transversely without subjecting the film to longitudinal pre-orientation, and thereafter to 
35 stretch the film transversely. However, to manufacture a higher-strength stretched web, it is preferable that the film be 
subjected to longitudinal pre-orientation in advance. Longitudinal pre-orientation can be effected with longitudinal draft- 
ing in an ordinary molten state. However, to obtain a higher-strength transversely stretched web, it is preferable to use 
a following longitudinal stretching apparatus. 

Fig. 9 shows an example of a longitudinal stretching apparatus when performing pre-orientation in the longitudinal 
40 direction. This apparatus is of a method called proximity stretching. 

A formed film 121 is passed through a turn roll 122 and preheat rolls 123 and 124 and is guided to stretching rolls 
125 and 126. The stretching rolls 125 and 126 have small diameters, and the film 121 is longitudinally stretched 
between them. Due to the small roll diameters, the stretching distance between the stretching roils 1 25 and 1 26 is short, 
so that the film 121 is uniformly stretched with a small widthwise shrinkage. 
45 The stretched film is fed to transverse slitting units 1 28 and 1 29 through a straightening roll 1 27, to be transversely 
slitted zigzag intermittently by the units 128 and 129, and is guided to a transverse stretching apparatus as a trans- 
versely si itted web 130. 

This apparatus for effecting longitudinal pre-orientation can employ not only this proximity stretching method but 
also conventional rolling, roll stretching, hot-air stretching, or the like. 
so As a transverse slitting means, one described in the previous applications of the present inventors described above 
can be employed. 

The transversely slitted web is transversely stretched by the transverse stretching apparatus. As the transverse 
stretching apparatus, one shown in Fig. 7 can be employed. In this case, the tank 72 shown in Fig. 7 is modified to 
decrease diffusion of a heating medium, and is used as a heating chamber. 
55 Referring to Fig. 7, the film 71 having transverse zigzag intermittent slits is guided into the heating chamber 71 and 
is transversely stretched by a pulley method transverse stretcher. The transverse stretch ratio is adjusted by the open 
angle of the stretching pulleys 73a and 73b. When a high stretch ratio is set, multistage stretching is preferably per- 
formed. As the heating medium of the heating chamber 72. hot water, heated air, heated steam, or the like is used. 
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Fig. 1 0 shows the principle of the web laminating method of this invention that uses a web laminating unit. Previous 
applications of the present inventors concerning a web laminator are already mentioned. 

According to this method, a longitudinally stretched meshy web in which molecules are arranged longitudinally is 
used for each of a longitudinally stretched web 1 41 and a transverse web 1 42. The longitudinal web 1 41 and the trans- 
s verse web 142 are used after being spread widthwise as required. This is already mentioned regarding the previous 
applications of the present inventors on the widthwise spreading method. 

The web 142 in which the molecules are arranged longitudinally in the same manner as in the longitudinal web 141 
is supplied by the web laminator to be perpendicular to the longitudinal web 141 , and is cut into portions having a pre- 
determined length corresponding to the width of the longitudinal web 141. The obtained cut transverse webs 142 are 
w laminated (142a, 142b, 142c,...) on the longitudinal web 141. The longitudinal web 141 and the transverse webs 142a, 
1 42b, 1 42c,... are heated and adhered to each other, thereby completing web-crossed laminate webs (Japanese Patent 
Publication Gazette No. Hei 6-15736). 

Although this method according to the web laminator has a good productivity, it cannot avoid a lap (overlapping of 
transverse webs) or a gap between adjacent transverse webs, as is apparent from Fig. 10. 
15 Fig. 1 1 shows the principle for laminating a transversely stretched web and a longitudinally stretched web. Previous 
applications concerning the laminating method and the like are mentioned above. Reference numeral 151 denotes a 
longitudinally stretched meshy web. The longitudinally stretched meshy web 151 is used after it is spread widthwise as 
required, which is the same as in Fig. 10. Reference numeral 152 denotes a transversely stretched web manufactured 
in accordance with the method shown in Fig. 7 and the like. The webs 151 and 152 are laminated by nip rolls 153a and 
20 153b and heated and adhered to each other by a heating cylinder 154, thus forming a web-crossed laminate 155. 

Fig. 12 shows examples of slit patterns formed by this invention. Referring to Fig. 12, reference symbols a and b 
indicate longitudinal zigzag intermittent slit patterns, and a! and b! indicate slit patterns obtained by longitudinally 
stretching and widthwisely spreading the slit patterns a and b respectively. Although the real slit patterns are longitudi- 
nally longer several times than the slit patterns al and E and their film widths are narrower accordingly in practice, they 
25 are simplified for the sake of easy understanding. Reference symbols c, d. and e indicate transverse slit patterns, and 
£, and e; schematically indicate slit patterns obtained by transversely stretching the slit patterns s, d, and e. Although 
the real slit patterns are transversely much longer than the slit patterns £, i, and £ in practice, they are simplified for 
the sake of easy understanding; 

Figs. 13A and 13B show examples of the web-crossed laminates of this invention. The web-crossed laminate 
30 shown in Fig. 1 3A can be manufactured in accordance with the method of Fig. 1 0 or 1 1 . 

In Fig. 13B, tapes manufactured in accordance with a separate method are employed in the longitudinal direction, 
and are combined with a transversely stretched web of this invention. In this invention, the transverse web has a high 
transverse stretch ratio even if its raw film has a small width, so that a very wide transversely stretched web can be 
formed. Thus, the arrangement of Fig. 13B is particularly suitable for manufacturing a large-width web-crossed lami- 
35 nated nonwoven in accordance with this invention. 

In this case, although various types of multi-yarns and monofilaments can be employed as the longitudinal tapes, 
it is particularly preferable to employ high-strength yarns of this invention. When longitudinal tapes are employed, a lon- 
gitudinal-transverse-longitudinal structure can be formed. 

As the film for the manufacture of the meshy web of this invention, one manufactured by the inflation film forming 
40 apparatus shown in Fig. 2, by a T-die shown in Figs. 4A and 4B that has a three-layer die, by a Tdie shown in Fig. 5 that 
performs water-cooling film formation, or by a T-die shown in Fig. 6 that performs chill roll cooling film formation can be 
employed. 

In the inflation film forming apparatus shown in Fig. 2, longitudinal pre-orientation can be achieved with a longitudi- 
nal draft, and transverse pre-orientation can be achieved with a blow-up ratio. When effecting longitudinal pre-orienta- 
45 tion, the blow-up ratio is preferably small, and usually it is more preferably 2 or less. When effecting transverse pre- 
orientation, the longitudinal draft ratio is preferably low, and usually it is more preferably 3 or less. 

Table 2 shows the physical properties of the longitudinally stretched web and the transversely stretched web of the 
ultra-high molecular weight polyolef in which is film-formed and stretched in accordance with Examples of this invention, 
and the physical properties of the transversely stretched web of the ultra-high molecular weight poiyolefin having an 
so ordinary molecular weight, which is film-formed and stretched as Comparative Examples. 
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The Hems in Table 2 such as UHP, TFM, film forming apparatus, stretching apparatus, and the like of Table 2 cor- 
respond to those of Table 1 . The measuring conditions for the tensile strength and tensile elongation are the same as 
those in Table 1. 
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Example 5 is a case wherein an ultra-high molecular weight polyethylene is formed into a film and the formed film 
is stretched by the film forming apparatus shown in Figs. 8A and 8B. By following the same procedures as in Example 
1 except for using the film forming apparatus shown in Figs. 8A and 8B, a transversely stretched film 9 which is 
stretched 4 times transversely was obtained. After the transversely stretched f flm 9 was cooled by the cooling roll 1 0, it 

5 was subjected to slitting with hot-Wade longitudinal slitters 14, thus forming a web 18 having a number of longitudinal 
zigzag intermittent slits as indicated by reference symbol a in Fig. 12. In this case, a slit length g was 10 mm, a slit-to- 
slit distance m was 0.5 mm, and a slit gap p_ was 2 mm. Although not shown, in the longitudinal stretching step, the film 
was stretched in three stages with hot air of 150°C in a free space, and a meshy web having a tensile strength of 21.8 
g/d and a tensile elongation of 2% was obtained at a stretch ratio of 31 . 

10 In Example 6, a film was formed by using an ultra-high molecular weight polyethylene resin identical to that used in 
Example 5 in accordance with the same film forming method of Figs. 8A and 8B. Note that transverse pre-stretching 
(pre-orientation) was not performed, and the film was directly guided to the cooling roll, and thereafter subjected to lon- 
gitudinal slitting and longitudinal stretching in the same manner as in Example 5. Although the obtained f ilm had a lower 
stretch ratio and strength than those of Example 5, it formed a high-strength meshy stretched web having a tensile 

is strength of 1 0 g/d or more as it was made of the ultra-high molecular weight polyethylene. 

In Example 7, 1 5 wt% of paraffin wax powder having a melting point of 55°C were mixed as a resin to an ultra-high 
molecular weight polyethylene powder identical to that of Example 5, and the resultant mixture was supplied through 
the hopper 20. The film forming method, the transverse stretching method, and the longitudinal stretched method were 
the same as those of Example 5. However, as the film forming temperature, the stretching temperature, the tensile 

20 strength, the tensile elongation, and the like, conditions shown in Table 2 were set. 

During the film forming process, the transverse stretching process, and the longitudinal stretching process, the wax 
was removed as it gradually bled from the ultra-high molecular weight polyethylene phase. 

Example 8 shows a case of inflation film formation in accordance with the film forming method of Fig. 2 to have 
high-density polyethylene as an outer layer. The blow-up ratio (BUR) was 1.1, and the longitudinal draft ratio was 5. In 

25 the film forming method shown in Fig. 2, the temperature of the cooling water 27 was 55°C. 

Transverse slits of the zigzag intermittent pattern identical to that of Example 5 were formed in the film other than 
both the side edges thereof with rotating hot blades. This transversely slitted web was transversely stretched 37 times 
in hot air of 150°C by using the hot-air transversely splitting units 7a and 7b shown in Figs. 8A and 8B three times 
repeatedly. The transverse strength of this transverse web was 14.2 g/d. 

30 Example 9 shows a case wherein a three-layer film was formed, by using the three-layer co-extrusion T-die shown 
in Figs. 4A and 4B as the T-die 51 of the apparatus shown in Fig. 5, to have a core made of ultra-high molecular weight 
polypropylene £ and two surface layers made of modified polypropylene. In this case, the water temperature of the 
water 54 was room temperature (22°C). The resultant three-layer film was longitudinally stretched 2.5 times at a stretch- 
ing temperature of 98°C with the longitudinally stretching apparatus shown in Fig. 9. Thereafter, slits having the same 

35 pattern as in Example 5 were formed transversely in this film. 

The obtained web was transversely stretched 6 times in hot water of 98°C with the transverse stretching apparatus 
shown in Fig. 7 and are then stretched 2.8 times with stretching apparatus shown in Figs. 8A and 8B to effect stretching 
by a total of 16.8 times, thereby obtaining a transversely stretched web having a tensile strength of 15.1 g/d. 

In this manner, according to this invention, a stretched web of ultra-high molecular weight polyolef in having a tensile 

40 strength of 10 g/d or more, preferably 15 g/d or more, and more preferably 18 g/d or more can be obtained. 

Comparative Example 3 is identical to Example 5 except that ultra-high molecular weight polyethylene £ having a 
molecular weight of 280,000 was employed as the raw material. With the ultra-high molecular weight polyethylene c 
having a low molecular weight, the stretch ratio and the tensile strength after stretching were low. 

45 Examples 10 and 1 1 and Comparative Example 4 

In Example 10, a w6b as in Example 5 was employed as each of the longitudinal and transverse webs. In accord- 
ance with the method of Fig. 10 by using the web laminator, both the longitudinal and transverse webs were spread 2 
times widthwise and were laminated to cross each other and adhered to each other with a modified poiyolefin-based 
so emulsion adhesive (tradename: Chemiparl A100, manufactured by Mitsui Petrochemical Industries, Ltd.) at 140°C. 

After web-cross laminating, the web-crossed laminate (or web-crossed laminated nonwoven) had a strength of 8.7 
g/d in the longitudinal direction and 8.1 g/d in the transverse direction, and a tensile elongation of 3% in both the direc- 
tions. 

In Example 1 1 , webs were laminated to cross each other in accordance with the method shown in Fig. 1 1 . The web 
55 of Example 8 was employed as the transverse web. As the longitudinal web, polyethylene tapes (each having a width 
of 2.5 mm, a strength of 18.1 g/d, and an elongation of 3%) each having an HDPE surface and a core of ultra-high 
molecular weight polyethylene were aligned longitudinally at a 5-mm pitch. 

After web-cross laminating, the laminate had a strength of 8.2 g/d in the longitudinal direction and 7.4 g/d in the 
transverse direction, and a tensile elongation of 3% in both the directions. 
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In this manner, the web-crossed laminate made of ultra-high molecular weight polyethylene meshy stretched web 
components obtained in accordance with the process for the production of the web-crossed laminate had a strength of 
3 g/d or more, preferably 5 g/d or more, and more preferably 7 g/d or more in the stretching-direction. 

As the web-crossed laminates have variety of weights and sectional shapes, to express the strength of the web- 
5 crossed laminates, g/d (gram/denier) that can be expressed as the strength in weight unit was employed. 

Comparative Example 4 shows a commercially available split-fiber nonwoven fabric (tradename: Nisseki Warrfu 
HS) mainly made of high-density polyethylene having an ordinary molecular weight. This nonwoven fabric had a longi- 
tudinal strength of 1 .6 g/d, a transverse strength of 1 .5 g/d, and elongations of 23% and 27% respectively in longitudinal 
and transverse directions. 

10 

(Effect of the Invention) 

According to the process for the production of high-strength yarns of this invention, when an ultra-high molecular 
weight polyolef in film is preliminarily stretched transversely, slrrted longitudinally, and thereafter stretched longitudinally, 
is high-ratio longitudinal stretching can be realized, thus realizing high-strength, high-modulus stretched tapes and 
stretched split yarns. 

The stretched tapes of this invention are directly formed into a fabric, a bi-axial or tri-axial web-cros6ed laminated 
nonwoven, a unidirectional prepreg, and the like, to be employed as sheets for use in building or civil engineering, e.g., 
a ballistic protection or a explosion protection; FRTP; FRP; and as various types of reinforcing materials to reinforce a 
20 radar dome or concrete structure; and the like. 

The stretched tape of this invention is formed into split fibers to be used in various types of ropes, the fabrics 
described above, and the like. 

Since the web-crossed laminate using high-strength high-modulus web-crossed laminated meshy webs made of 
the ultra-high molecular weight polyolefin of this invention has a high strength and a high modulus, it can be used in 
25 applications that cannot use conventional web-crossed laminated meshy webs (split-fiber web-crossed laminated non- 
woven). For example, the web-crossed laminate of this invention can be employed in the field that requires a high 
strength and a high modulus, as in civil engineering and building, as the reinforcing materials, e.g., FRP, FRTP, and the 
like, the reinforcing materials for concrete or mortar, and the like. 

The ultra-high molecular weight polyolefin web-crossed laminate not only has a high strength but also has various 
30 characteristics as follows, and is suitably used in applications matching its characteristics. 

As the ultra-high molecular weight polyolefin web-crossed laminate has a High cut resistance against cutting tools, 
it can be employed as a cut protection fabric. 

Since the ultra-high molecular weight polyolefin web-crossed laminate is withstand against fragments at an explo- 
sion, it can be used as an explosion protection and a sheet used in building and civil engineering. 
35 The ultra-high molecular weight polyolefin web-crossed laminate can also be used for a reinforcing material of a 
radar dome or the like because of its electric characteristics. 

According to the process for the production of this invention, the processing characteristics of an ultra-high molec- 
ular weight polyolefin having poor film forming properties and stretchability are improved. 

Regarding the film forming properties, since the ultra-high molecular weight polyolefin is mixedly extruded or co- 
40 extruded with the thermoplastic low molecular weight material, an ultra-high molecular weight polyolefin having a higher 
molecular weight than in the conventional method can be employed, thus solving the mechanical problems arising from 
a high viscosity and a high shear stress. The thus produced film is free from the problem of melt fracture and the like to 
enable uniform film formation, thereby increasing the production speed. As the ultra-high molecular weight polyolefin 
having a higher molecular weight than in the conventional method can be employed, the resultant yams and webs after 
45 stretching can have a high strength and a high modulus. With a low molecular weight polymer, high-ratio stretching can- 
hot be performed, and a high strength is not likely obtained. The high molecular weight is effective in improving thee 
various properties, e.g., cut protection properties, creep resistance, and the like. 

To add a thermoplastic low molecular weight material also helps in further improving the surface physical properties 
of the product yarn or web. More specifically, the adhesion properties, coloring, dyeability, weathering resistance, anti- 
50 slip properties, and the like can be improved. When large amounts of antioxidant and heat stabilizer are added to this 
thermoplastic low molecular weight material, extrusion forming is enabled without degrading the nature of the ultra-high 
molecular weight polyolefin. 

While a web-crossed laminate is often used as a large-width laminate, it is difficult to form a large-width film with 
ultra-high molecular weight polyolefin, and usually it is difficult to manufacture a large-width web-crossed laminate. 
55 When, however, the method of this invention is employed, the longitudinal web is subjected to transverse pre-stretching 
to increase its width, and the transverse web is subjected to transverse stretching to increase its width. Accordingly, a 
large-width web-crossed laminate can be formed by laminating these longitudinal and transverse webs to cross each 
other. 
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A film formed by melt extrusion or dissolution has large entanglement among its molecules and is difficult to be 
stretched at a high ratio. However, when this film is subjected to pre-orientation in a direction perpendicular to the final 
stretching direction, the entanglement is unraveled, a high stretch ratio is enabled, and a high strength and a high mod- 
ulus are enabled. As an ultra-high molecular weight polyolef in has a poor stretchabiiity, it is difficult to form a large-width 
5 stretched film with it. When meshy slits are formed in the film in the stretching direction prior to main stretching, the film 
becomes free from the problem of aspect ratio. 

Claims 

ro 1 . A process fa producing high-strength yarns comprising the steps of: 

melt forming into a film an ultra-high molecular weight polyolef in having a viscosity average molecular weight 
of at feast 500,000, 

transversely stretching the thus obtained molten film or cooled and solidified fflm while holding both the side 
15 edges of the film, 

longitudinally slitting the stretched film into tapes and then 

longitudinally stretching the thus obtained tapes thereby to produce the high-strength yarns. 

2. A process according to claim i , wherein the cooled and solidified film is made by cooling the molten film with water. 

20 

3. A process according to claim 1 , wherein in forming the ultra-high molecular weight polyolef in into the film, a ther- 
moplastic low molecular weight material having a viscosity average molecular weight of up to 500,000 is co- 
extruded from a die onto a surface or the surfaces of the fflm, thereby forming a two-layer or three-layer extruded 
film. 

25 

4. A process according to daim 1 , wherein in forming the ultra-high molecular weight polyolefin into the film, a ther- 
moplastic low molecular weight material having a viscosity average molecular weight of up to 500,000 is mixed with 
the polyolefin, and the mixture is extruded from a die, thereby forming a film. 

30 5. A process for producing a film comprising the steps of: 

mixing an ultra-high molecular weight polyolefin, which is molten and plasticized by an extruder, with a thermo- 
plastic low molecular weight material, which is pushed into the extruder separately by a high-pressure pump in 
an adapter, and 

35 extruding the mixture through a film forming die, thereby to produce a film having the thermoplastic low molec- 

ular weight material on two surfaces of the film and a core made of the ultra-high molecular weight polyolefin. 

6. A process according to claim 5, wherein the ultra-high molecular weight polyolefin has a viscosity average molec- 
ular weight of at least 500,000 and the thermoplastic low molecular weight material has a viscosity average molec- 

40 ular weight of up to 500.000. 

7. An inflation film extruding die comprising an extruder consisting of a screw head which functions as an inner man- 
drel, an outer die having a flow portion for multiple layers of molten resin, and a mechanism for pushing multiple 
layers of resin flow which are in contact with the inside of the outer die with a high-pressure pump. 

45 

8. A process for producing a meshy web having a unidirectional high strength comprising the steps of: 

making a number of slits in a predetermined direction in films made of an ultra-high molecular weight polyolefin 
having a viscosity average molecular weight of at least 500,000 so that the films each take a meshy form when 
so spread in the cross direction against the direction of the slits, and 

stretching the meshy form structures in the same direction of the slits to prepare meshy webs having a unidi- 
rectional high strength. 

9. A process according to claim 8, wherein the predetermined direction is one of longitudinal and transverse directions 
55 of the film. 

10. A process according to claim 8, wherein the films are subjected to molecular orientation in a direction perpendicular 
to that of the slits to be made, prior to forming the slits therein. 
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11. A process according to claim 8, wherein in forming the ultra-high molecular weight polyolefin into the film, a ther- 
moplastic low molecular weight material having a viscosity average molecular weight of up to 500,000 is co- 
extruded with a die onto a surface or the surfaces of the film. 

s 12. A process according to claim 1 1 , wherein the thermoplastic low molecular weight material is an adhesive. 

13. A process according to claim 8, wherein in forming the ultra-high molecular weight polyolefin into the film, a ther- 
moplastic low molecular weight material having a viscosity average molecular weight of up to 500,000 is mixed with 
the ultra-high molecular weight polyolefin and co-extruded with a die. 

10 

14. A process according to claim 13, wherein the thermoplastic low molecular weight material is an adhesive. 

15. A process for producing a high-strength, webs-crossed laminated nonwoven comprising the steps of: 

is making a number of slits longitudinally or transversely in films made of an ultra-high molecular weight polyolefin 

having a viscosity average molecular weight of at least 500,000 so that the films each take a meshy form when 
spread in the direction perpendicular to said slits, 

stretching the meshy form structure in the same direction of the slits to prepare meshy webs having a unidirec- 
tionally high-strength in the direction of the slits and then 
20 using at least one member selected from the thus prepared meshy webs as a longitudinal or transverse web in 

the production of the high-strength, webs-crossed laminated nonwoven. 

16. A process according to claim 15, wherein the films are subjected to molecular orientation in a direction perpendic- 
ular to that of the slits to be made, prior to forming the slits therein. 

25 

1 7. A meshy web-crossed laminated nonwoven which has a unidirectional high strength not less than 5 g/d, comprising 
at least one of longitudinal and transverse webs obtained by making a number of slits longitudinally or transversely 
in films made of an ultra-high molecular weight polyolefin having a viscosity average molecular weight of at least 
500,000 so that the films each take a meshy form when spread in the direction perpendicular to said slits, and 

30 stretching the meshy form structures in the direction of the slits to prepare meshy webs having unidirectional high 
strength in the direction of slits. 



19 



EP0733 460 A2 




FIG. IB 
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FIG. 4B 
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FIG. 6 
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FIG. 7 
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FIG. 8B 
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FIG. 13A FIG. 13B 
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